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[bookmark: _Toc199352806]1. Introduction
[bookmark: _Toc199352807]1.1. Significance of Temporary Construction Infrastructure (TCI) in NPP Projects
The construction of nuclear power plants (NPPs) is one of the most complex and capital-intensive tasks in modern engineering. The successful implementation of such projects depends on numerous factors, among which a carefully planned and effectively managed construction and production base (CSB) , also known as temporary construction infrastructure (TCI) , construction support base ( CSB) , or site establishment and support infrastructure (SESI ), plays a key role. CSBs are more than just a collection of temporary structures and utilities; they are a comprehensive, engineered system designed to comprehensively support all stages of construction and installation work, from preparatory work to commissioning of the power units.
The critical importance of the PBS is emphasized in international guidelines such as IAEA document NP-T-2.5 "Construction Technologies for Nuclear Power Plants " 1 , which notes that the construction phase is one of the most critical to the success of a project, and effective management of the construction site, including its infrastructure, is a key factor. The scale and complexity of modern nuclear power plants, often constructed using advanced technologies such as modular construction 1 , place increased demands on the PBS.
The financial costs of creating and operating a PBS are quite significant and can reach 15% of the total project cost at large construction sites like nuclear power plants. 5 Such a significant share of the project budget necessitates meticulous planning, design, and management of the PBS to optimize resource utilization and prevent cost overruns.
This report aims to provide a comprehensive analysis of the CBP in the context of global NPP construction experience. It examines the approaches of leading international vendors and the practices of key NPP construction countries, defines and composes the CBP, describes its lifecycle stages, and analyzes the regulatory framework and cost management strategies. A key component of the report is the consistent use of bilingual (Russian-English) terminology.
The increasing complexity of projects, stricter safety and environmental requirements 6 , and the introduction of innovative construction methods such as the aforementioned modularity are transforming the PBS from a purely logistical and support function into an integrated production system. This is due to the fact that modern trends, such as modular construction 1 , require more sophisticated on-site assembly and handling capabilities, which directly impacts the design of the PBS (e.g., the need for larger pre-assembly areas and reinforced foundations for super-heavy cranes). Furthermore, strict nuclear and radiation safety regulations 6 also apply to on-site activities, requiring the creation of a reliable temporary infrastructure (e.g., safe, controlled access, designated areas, and emergency preparedness within the PBS). Thus, the PBS is no longer simply temporary offices and warehouses, but a highly controlled, efficient, and safe environment that functions practically as an extension of the manufacturing plant, especially when organizing large-scale on-site assembly of modules. This significantly increases its strategic importance.
[bookmark: _Toc199352808]1.2. Report Objectives and Structure
The primary objective of this report is to provide an expert analysis of the production and construction base (PCB) in the context of global nuclear power plant construction. This includes a study of the practices of key international suppliers and key countries actively constructing nuclear power plants; a definition of the composition and lifecycle of the PCB; a detailed description of the relevant regulatory framework; and an analysis of cost assessment and management strategies. A key component of this report is the consistent use of bilingual (Russian-English) terminology.
The report is structured to logically lead the reader from a general overview of nuclear power plant construction worldwide to specific technical, regulatory and economic details of the PBS, supported by practical examples and concluding with practical recommendations.
[bookmark: _Toc199352809]2. Global Landscape of NPP Construction
[bookmark: _Toc199352810]2.1. Major International NPP Construction Vendors
The global nuclear power plant construction market is dominated by a limited number of major players with unique technologies and experience in implementing complex projects. Their approaches to developing nuclear power plants can vary depending on the technologies used, contract models, and the specific circumstances of a particular country.
· State Atomic Energy Corporation Rosatom (Russia): Rosatom is a global leader in the nuclear industry, offering a full range of services from NPP design and construction to decommissioning and spent nuclear fuel management. The key technology is the VVER (pressurized water-moderated power reactor). Rosatom's engineering division, Atomstroyexport (JSC ASE), acts as the general contractor at many international sites, such as the Akkuyu NPP in Turkey, the Rooppur NPP in Bangladesh, the Paks II NPP in Hungary, and the El Dabaa NPP in Egypt. 8 The comprehensive role of the general contractor, especially within the BOO (Build-Own-Operate) model, as at the Akkuyu NPP 17 , implies full responsibility for the design and creation of the SBS.
· Korea Electric Power Corporation (KEPCO) (South Korea): KEPCO is known for its APR-1400 reactor technology, successfully implemented at the Barakah Nuclear Power Plant in the UAE. Its subsidiary, KEPCO Engineering & Construction (KEPCO E&C), provides design (A/E – Architect/Engineer), engineering, and supply services for the reactor plant (NSSS – Nuclear Steam Supply System). 28 As the general contractor for the Barakah Nuclear Power Plant, KEPCO was responsible for the entire construction package, including the creation of site facilities. 31
· Chinese Nuclear Power Vendors (CNNC, CGN): China National Nuclear Corporation (CNNC) and China General Nuclear Power Group (CGN) are leading the country's large-scale nuclear power plant construction program (Hualong One, CAP1000 reactors) and are actively pursuing international markets. 8 CNNC explicitly states that its comprehensive industrial chain for nuclear power plant construction includes "site accommodation and amenities . " 41
· Westinghouse Electric Company (USA): Developer of the AP1000 pressurized water reactor. Projects include the Vogtle Nuclear Power Plant in the US and planned power units in Poland. Construction is often carried out by EPC partners such as Bechtel .
· Électricité de France (EDF) and Framatome (France): EDF, as a major energy company and often a project owner, collaborates with Framatome (formerly AREVA) on EPR (European Pressurized Reactor) technology (Flamanville-3, Taishan, Hinkley Point C projects). 28 Civil works are usually carried out by large construction companies (e.g. Bouygues at the Flamanville-3 nuclear power plant 54 ).
· Other Key Vendors: GE-Hitachi Nuclear Energy (GEH) 28 , Mitsubishi Heavy Industries (MHI) 28
The organizational structure and business model of the supplier (e.g., a state-owned enterprise offering turnkey solutions or a private technology provider relying on EPC partners) significantly influence the approach to the CBP and the distribution of responsibility for it. State-owned enterprises, such as Rosatom and CNNC, often offer comprehensive project delivery, including the creation of extensive on-site infrastructure. 17 This is particularly noticeable in BOO models 17 or when they act as general contractors in newcomer countries. 13 Private technology providers, such as Westinghouse, often partner with large EPC firms (e.g., Bechtel for the Vogtl NPP 47 ), which then assume significant responsibility for construction management, including the CBP. Energy companies such as EDF, leading projects (e.g., the Flamanville-3 nuclear power plant 52 ), may have overall responsibility for project management but subcontract elements of the PBS to various specialized construction and engineering firms. This means that there is no single model of responsibility for the PBS; it depends on the supplier's scope of supply and the overall project contracting strategy. This variability impacts how the PBS is planned, financed, and implemented.
The drive to reduce costs and ensure schedule predictability in nuclear power plant construction is pushing suppliers toward greater standardization not only in reactor design but also in their approach to the PBS, with the goal of replicating successful site configurations and exploiting economies of scale in "serial" construction. Nuclear power plants are capital-intensive projects with long construction periods. 64 Cost overruns and schedule delays are serious problems (e.g., Flamanville-3 NPP 52 ). Standardization and modularity are cited as key strategies for improving project outcomes. 3 Although the focus is on reactor components, the logic of standardization for efficiency gains and the transfer of experience naturally extends to the PBS, which is a significant element of cost and time. 1 Suppliers building multiple power units of the same design (e.g., Rosatom's VVER, KEPCO's APR-1400, China's Hualong One) will likely develop standardized packages or templates for temporary infrastructure (e.g., standardized temporary buildings, optimized workshop layouts, common utility distribution schemes) to expedite deployment and reduce site-specific design efforts. This creates a "productized" approach to temporary infrastructure.
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Table 2.1: Major International NPP Construction Vendors and Key Technologies .
	Vendor
	Country of Origin
	Key Reactor Technologies Offered
	Recent/Ongoing Project Examples (Snippet IDs)

	Rosatom
	Russia
	VVER (VVER) (various models, eg, VVER-1200), BN (BN)
	Akkuyu (Turkey) 8 , Rooppur (Bangladesh) 8 , Paks II (Hungary) 10 , El Dabaa (Egypt) 8 , Kursk II (Russia) 9 , Leningrad II (Russia) 9 , Kudankulam (India) 9 , Tianwan (China) 9 , Xudapu (China) 9

	KEPCO (KEPCO)
	South Korea
	APR-1400, APR1000
	Barakah (UAE) 8 , Shin Kori (South Korea) 8 , Shin Hanul (South Korea) 65

	CNNC (China National Nuclear Corporation)
	China
	Hualong One (HPR1000), CAP1400 (Guohe One), CNP-series, Fast Reactors (CFR-600)
	Fuqing 9 , Fangchenggang 8 , Zhangzhou 39 , Sanmen 38 , Taipingling 39 , Xiapu 38 , Changjiang 9 , Shidao Bay (HTR-PM) 9 , Tianwan (shared with Rosatom) 9 , Xudapu (shared with Rosatom) 9 , Karachi (Pakistan) 8

	CGN (China General Group of Nuclear Energy)
	China
	Hualong One (HPR1000), EPR (Taishan, jointly with EDF)
	Taishan 52 , Yangjiang 9 , Hongyanhe 9 , Fangchenggang 38 , Taipingling 39

	Westinghouse
	USA
	AP1000
	Vogtle Units 3 & 4 (USA) 45 , Sanmen (China - initial units) 38 , Haiyang (China - initial units) 38 , Poland (planned) 45

	EDF (EDF) / Framatome (Framatome)
	France
	EPR (European Pressurized Water Reactor)
	Flamanville 3 (France) 8 , Olkiluoto 3 (Finland) 50 , Taishan (China, jointly with CGN) 52 , Hinkley Point C (UK) 45

	GE-Hitachi Nuclear Energy
	USA/Japan
	ABWR, BWRX-300 (SMR)
	Limited new large builds recently, focus on SMRs and services. Historically involved in many BWRs. 28

	Mitsubishi Heavy Industries (MHI) (Mitsubishi Heavy Industries)
	Japan
	APWR, ATMEA1
	Limited new builds post-Fukushima, focus on advanced designs and components. 28



[bookmark: _Toc199352811]2.2. Key Countries with Active NPP Construction
The geography of active nuclear power plant construction is diverse, spanning both developed and developing countries. This diversity determines the wide range of existing industrial infrastructures, workforce skill levels, and logistical challenges, which directly impacts the scope and complexity of the PBS required for each project.
· China: The world leader in current nuclear power plant construction volumes, implementing numerous domestic projects. 8 Government policy mandates the use of Generation III+ technologies and supports localized production. 43 Central and provincial authorities facilitate land allocation and grid connection , 43 which are prerequisites for the creation of nuclear power plants.
· Russia (Russia): Actively builds nuclear power plants on its territory and is a major exporter of nuclear technology. 8
· India: Expanding its own heavy-water reactor (PHWR) program and building VVER reactors in cooperation with Russia. 8 The Nuclear Power Corporation of India (NPCIL) is responsible for the design, construction, commissioning, and operation of nuclear power plants. 70
· USA: Units 3 and 4 of the Vogtle Nuclear Power Plant (AP1000) were recently completed, the first new reactors in decades. 45 The focus is on advanced reactors and small modular reactors (SMRs). 45
· UAE: Barakah Nuclear Power Plant (4 APR-1400 units) is a significant project, the first in the Arab world. 8
· Turkey: The Akkuyu NPP (4 VVER-1200 units) is being built by Rosatom. 8
· United Kingdom: Hinkley Point C (2 EPR units) is a major ongoing project. 7 Focus on large reactors and SMRs. 45
· France: Flamanville 3 (EPR) unit recently connected to the grid; further EPR2 reactors planned. 8
· South Korea: Domestic Nuclear Power Plant Construction (APR-1400) and Export Activities. 8
· Egypt: The El Dabaa Nuclear Power Plant (4 VVER-1200 units) is being built by Rosatom. 8 The presence of an on-site production base for component manufacturing is mentioned. 23
· Bangladesh: Rooppur NPP (2 VVER-1200 units) is being built by Rosatom. 8
· Eastern Europe: Poland (planning the first NPP with AP1000 technology, work has begun on site 45 ), Hungary (expansion of the Paks NPP with WWER-1200 units 10 ), Romania, Bulgaria, the Czech Republic, and Slovakia are also active or planning construction. 10
· Other Emerging Countries: A number of other countries are exploring or beginning to develop nuclear energy (e.g. Argentina, Brazil, Vietnam, Indonesia, African countries 10 ).
Developing countries, such as Bangladesh 13 or Egypt 23 , may have less developed local supply chains and infrastructure compared to industrialized countries such as France 52 or the United States 46 . This means that for projects in developing countries, the PBS may need to be more self-sufficient, covering a wider range of manufacturing, maintenance, and support functions that might otherwise be outsourced to local companies in more developed regions. This impacts the cost, complexity of the PBS, and the responsibilities of the main contractor.
Countries new to nuclear energy development ("newcomer countries") face particular challenges in establishing the necessary infrastructure, including the CBP, and often rely heavily on the supplier and international support (e.g., the IAEA Milestones Approach 81 ). This reliance can lead to the adoption of standard supplier CBP models. The IAEA Milestones Approach 81 is specifically designed to guide newcomer countries through the complex process of developing nuclear energy infrastructure. These countries (e.g., the UAE 35 , Egypt 23 , Bangladesh 13 ) often partner with experienced suppliers such as KEPCO or Rosatom. A supplier with experience implementing numerous projects is likely to bring its established CBP models, adapting them to local conditions. This means that initial PBS configurations in newcomer countries may closely replicate the supplier's practices in its home country or on previous international projects, potentially leading to the transfer of technology and know-how related to construction site management.
[bookmark: _Toc199352812]3. Temporary Construction Infrastructure (TCI) for NPPs
[bookmark: _Toc199352813]3.1. Definition and Scope of PBS
Definition of "Industrial and Construction Base" (ICB) / Temporary Construction Infrastructure.
A temporary construction infrastructure (TCI), also known as a Temporary Construction Infrastructure (TCI), Construction Support Base (CSB), Site Establishment and Support Infrastructure (TSF), or Temporary Site Facilities (TSF), is the collection of all temporary buildings, structures, utility networks, systems, equipment, and sites created on or near a nuclear power plant construction site. The primary purpose of a TSF is to support the entire range of construction, installation, assembly, commissioning, and related processes during the construction of permanent nuclear power plant facilities.
According to British Standard BS 5975, temporary works are defined as "engineered solutions" used to support or protect an existing structure or permanent structures during construction, to support machinery or equipment, or to provide access. 82 This definition captures the essence of temporary works well.
The IAEA document NP-T-2.5 "Nuclear Power Plant Construction Technologies" 1 contains a detailed description of the sections " Site Development ", "Temporary Services " , "Temporary Facilities " and "Assembly Areas " , which together define the scope and composition of the PBS.
The U.S. Nuclear Regulatory Commission (NRC) defines "construction" as activities including foundation preparation, pile driving, installation of foundations, etc., for safety-related systems, structures, and components (SSCs), excluding site clearing and grading and the construction of temporary roads. 83 This distinction helps clarify which permanent construction activities are supported by the NRC and which may be considered part of the NRC itself.
[bookmark: _Toc199352814]Typical components of the PBS (Composition of the PBS):
The composition of the PBS varies depending on the scale of the project, local conditions and the construction technologies used, but typically includes the following main elements, information on which is taken from 1:
· Site Offices and Administrative Buildings:
· Construction administration building (often subsequently converted for permanent use), offices for project management, engineering and technical personnel, contractors, and regulatory authorities. 1
· Meeting rooms, document management centers.
· Worker Accommodation and Amenities (Construction Camps):
· Living quarters for personnel (especially at remote sites), canteens, recreation facilities, sanitary facilities (toilets, showers, changing rooms), medical centers/first aid stations. 1
· Term: Worker 's camp / Site amenities area .
· Workshops (Fabrication, Assembly, Repair):
· On-site workshops for manufacturing/assembling modules, reinforcement workshops, concrete product manufacturing workshops, mechanical workshops (repair and mechanical workshops), pipeline manufacturing workshops, electrical installation workshops, paint and shot blasting chambers. 1
· Mentioned in 85 : workshops for the production of reinforced concrete blocks and reinforcement cages.
· In 1, workshops are allocated for finishing/modifying various metal structures, pipes, trays, HVAC ducts, reinforcing steel and embedded parts.
· Warehousing and Storage Areas (Laydown Areas):
· Covered warehouses (warm and cold warehouses 5 ), open storage areas, temporary storage areas for materials, areas for displaying modules and large components. 1
· Specialized warehouses for sensitive equipment and hazardous materials. 6
· and module material hardstand lay-down and storage areas are critical, especially in modular construction, and require the ability to withstand heavy loads. 1
· Heavy-duty storage areas (designed for storing the main equipment of the power unit). 85
· Concrete Batching Plants (BSU/BRU) / Concrete Batching Plants:
· On-site concrete plants are critical to the continuous production of high-quality concrete. 1 Key factors include their location, capacity, and availability of backup capacity.
· Term: Concrete and mortar mixing facility ( CMMF ) 85
· Temporary Utilities:
· Power Supply: Temporary transformers, power lines, distribution boards, outlets for construction equipment, tools, lighting, and on-site offices. 1 Estimating the overall power demand is crucial.
· Water Supply: Drinking water for personnel, process water for construction purposes (e.g., concrete preparation, dust suppression), demineralized water. 1 Permanent drinking water supply and wastewater treatment systems should be put into operation at an early stage. 1
· Sewage and Wastewater Management: Temporary sewer systems, wastewater treatment before discharge. 1
· Compressed Air and Gases: Storage facilities for gases in cylinders or gas holders (argon, acetylene, oxygen, etc.) and distribution pipelines. 1
· Communications: Communication systems throughout the site (telephones, internet, radio).
· Site Roads and Access Control:
· Temporary roads for the movement of personnel, materials and equipment; routes for the transportation of heavy loads and large modules. 1
· Access control points, fences, security gates, pass systems. 1
· Security Infrastructure:
· Perimeter fencing, checkpoints, 24-hour surveillance systems, lighting. 1
· Waste Management Facilities:
· Designated areas for the segregation and storage of construction waste, hazardous waste, and recyclable materials. 1. Specialized handling of any contaminated materials.
· Medical Facilities:
· On-site occupational health and safety office, first aid stations, medical personnel. 1
· Heavy Lift Infrastructure:
· Foundations for Very Heavy Lift (VHL) cranes , travel routes for heavy construction cranes, and designated lifting areas. 1 In 4 , the open-top installation method using VHL cranes is described in detail.
· Testing Facilities:
· On-site laboratories for testing concrete, soil, and reinforcement; welding certification booths. 1
The composition of the PBS directly depends on the chosen construction methodology. The transition to modular construction 1 dramatically increases the scale and complexity of stowage areas, on-site fabrication/assembly shops, and heavy-lifting infrastructure compared to traditional stick - build methods . The IAEA document NP-T-2.5 1 explicitly states: "Storage, prefabrication, and preassembly of modules require a significant area, potentially several hectares, which was not required with older stick-build methods." It also emphasizes the need for "hard-surfaced areas capable of supporting heavy loads" and the use of VHL cranes. This means that the PBS is no longer simply a basic support structure but rather an integral part of the NPP's production and assembly line, requiring more complex planning, engineering, and investment.
The early establishment of a reliable and comprehensive PBS, particularly utilities (electricity, water, sewerage) and transportation communications, is a critical success factor for preventing delays and cost overruns during the main construction of a nuclear power plant. 1 emphasizes that "early investments in infrastructure result in significant time and potential cost savings for unit construction work" and that "permanent wastewater treatment and potable water treatment facilities should be completed early to support the needs of construction personnel." 86 (on general construction phases) emphasizes that thorough pre-construction preparation and site arrangement are vital. Delays in establishing adequate temporary power supplies 84 , water supply, or site access can directly halt or slow subsequent work on the critical path of permanent plant construction.
[bookmark: _Toc199352815]3.2. Establishment of PBS: Who, When, and Where
[bookmark: _Toc199352816]Responsibilities of Project Stakeholders:
· Owner/Operator: Typically responsible for overall site selection 77 , land provision, and often for providing key site infrastructure, such as main access roads and primary utility connections to the site boundary. In some models, such as the Build-Own-Operate (BOO) model at the Akkuyu NPP, the "host country provides the site and necessary infrastructure" 17 , while the contractor (Rosatom) handles the remainder.
· Main Contractor/EPC: Typically responsible for the detailed design, construction, and management of the on-site PBS. This includes most temporary buildings, workshops, internal roads, and utilities. Examples:
· Rosatom (Atomstroyexport): As the general contractor for projects such as Akkuyu, Rooppur, El Dabaa, and Paks-2, they oversee the construction of the PBS. 11 At the Akkuyu NPP, the contract for site preparation, including excavation work, was signed between Atomstroyexport and the Turkish company Özdoğu. 18 At the El Dabaa NPP, segments of the inner containment vessel were manufactured at an "on-site production facility ." 23
· KEPCO (and KEPCO E&C): As the prime contractor for the Barakah Nuclear Power Plant, it was responsible for the design, construction, and operation support, which includes the management of the PBS. 31
· CNNC/CGN: Their "complete industrial chain for nuclear power plant construction" includes "on-site personnel accommodation and welfare facilities" as well as civil works. 41
· Bechtel (for Westinghouse projects such as the Vogtl Nuclear Power Plant): As an EPC contractor, Bechtel manages construction, which includes site infrastructure. 47
· BYLOR (Bouygues/Laing O'Rourke JV for Hinkley Point C): Carries out the main civil works, including extensive temporary works management. 66
· Framatome/EDF: At the Flamanville-3 nuclear power plant, EDF is the client/architectural engineer, Framatome is the main contractor for the reactor plant, and Bouygues is the civil works contractor. 54 EDF's project management at Flamanville has been criticized, highlighting their shared responsibility. 52
· Subcontractors: Specialized subcontractors may be engaged to perform individual elements of the PBS, such as temporary electrical systems 84 , erection of modular buildings, or performance of specific work in workshops, under the coordination of the general contractor.
[bookmark: _Toc199352817]Timing of PBS Establishment:
· Pre-construction Phase: Site selection, initial site surveys, environmental assessments, transport studies, and conceptual planning of the PBS ( 1 "Prerequisites for early planning and site development"). SP 151.13330.2012 Part I covers engineering surveys for the development of pre-project documentation (location and site selection). 88
· Mobilization Phase: This phase involves the actual construction of the PBS. It begins after site access and necessary permits have been obtained and before the main construction of the permanent nuclear power plant structures begins. It includes site clearance, planning, installation of temporary utilities, roads, fencing, and the installation of on-site offices, initial workshops, and storage areas. [ The text of the text is incomplete and likely refers to a "prefabrication and assembly phase" or "prefabrication ...
· Poland began "site work" on its first nuclear power plant in 2024. 45 Site preparation for the Paks II NPP began in 2019, including more than 80 service buildings. 21 Site preparation work for the Hinkley Point C NPP was completed in June 2016 after receiving permission in 2012. 74
[bookmark: _Toc199352818]Location Considerations (On-site vs. Near-site):
· Most of the PBS components are located directly on the dedicated construction site to ensure logistical efficiency.
· Worker housing (amenity camp) may be located on or near the site, depending on space availability, environmental considerations, and the impact on the local community. A residential complex for 10,000 people is being built at the Akkuyu Nuclear Power Plant, with the first residents expected to move in in 2025. 26
· Large off-site module fabrication facilities are increasingly being used ( 1 " Off - site Module Fabrication Management").
The contract model (e.g., EPC, BOO, multi-contract arrangement) significantly influences who bears the primary responsibility and financial risk for establishing and managing the EPC. In a traditional EPC (Engineering, Procurement, Construction) contract, the EPC contractor (e.g., Bechtel for the Vogtl NPP 47 ) typically assumes the majority of the responsibility for the EPC. In a BOO model, such as at the Akkuyu NPP 17 , the organization responsible for construction and operation (Rosatom) has overall control, although the host country provides the site and basic access to infrastructure. Multi-contract arrangements, if poorly coordinated, can lead to fragmentation of responsibility for the EPC and potential problems at the interfaces, as hinted at by the criticism of early coordination at the Flamanville-3 NPP. 52 This implies that a clear delineation of responsibilities for the EPC in contracts is of paramount importance.
Site readiness for major construction depends significantly on the timely and adequate completion of the PBS. Premature commencement of work on permanent structures without adequate PBS can lead to significant inefficiencies and delays. IAEA document NP-T-2.5 1 details the "Prerequisites for Site Development and Plant Construction," emphasizing that parking lots, temporary production facilities, storage facilities, roads, concrete batching plants, etc. "must be completed to ensure the construction schedule." A study by the Construction Industry Institute (CII) 90 shows that projects that are ready for construction (meaning well-prepared sites, including PBS) have significant advantages in terms of schedule, cost, and productivity. This underscores the cause-and-effect relationship: effective PBS creation → construction readiness → improved project outcomes.
[bookmark: _Toc199352819]3.3. Lifecycle of PBS
The production and construction base goes through several clearly defined stages, from the initial concept to the final dismantling and restoration of the site.
· Planning and Design:
· Needs assessment based on the NPP design, construction schedule, workforce, and site conditions. 86
· Planning a site layout to optimize material flow, safety, and efficiency. 91 Using 3D modeling for clash checking and planning. 1
· Design of temporary structures, utility networks and roads taking into account loads, durability and safety standards.
· Integration with the overall project master plan and budget.
· The IAEA Milestones 81 approach covers early planning of the necessary infrastructure.
· Mobilization and Construction:
· Site preparation (clearing, planning, drainage). 1
· Construction/installation of temporary buildings, workshops, utility networks, roads and other facilities. 89
· Purchase and delivery of materials and equipment for the PBS.
· 89 defines mobilization as the organization and transportation of personnel, equipment and materials to the site, as well as the arrangement of the site, including temporary structures.
· Operation and Maintenance during NPP Construction:
· Current management of PBS facilities: provision of utilities, technical maintenance of buildings and roads, waste management, security.
· Adaptation and expansion of the PBS as the project stages develop and the number of personnel/volume of work changes.
· Regular inspections and checks for compliance with safety requirements.
· Demobilization, Dismantling, and Site Remediation:
· The planned process of winding down PBS operations as the NPP construction approaches completion. 89
· Dismantling and removal of temporary structures, equipment and utility networks.
· Waste disposal and recycling of PBS materials. 95
· Site cleanup and restoration of the environment to the agreed condition. 96 This may include the removal of soil contamination or other environmental impacts from temporary activities.
· Consideration of the reuse or repurposing of some temporary facilities or materials 98 , although 98 focuses more on the main nuclear facility.
· The decommissioning of temporary structures is part of the overall closure of the project. 99
The NPP lifecycle is a kind of mini-project within a larger NPP project, requiring its own dedicated planning, resources, and management from inception to post-construction. Each described stage (planning, mobilization, operation, demobilization) reflects phases of a standard project lifecycle. 86 This means that the NPP should not be treated as a random collection of temporary elements, but rather, systematic project management principles must be applied to ensure its successful creation and dismantling. Failure to manage any stage of the NPP lifecycle can negatively impact the cost, schedule, and safety of the main project.
Environmental regulations and sustainability goals are increasingly influencing the demobilization and remediation phase of nuclear power plant (NPP) sites, encouraging more responsible waste management and site restoration. Documents such as 96 (EPA Cleanup) and 97 (Radioactive Waste Management) address site and waste cleanup issues. Building Demolition Guidelines 95 emphasize the importance of responsible waste disposal and recycling. While these general construction and environmental principles are not specific to NPP NPPs, they are applicable. Growing global attention to sustainability in construction 100 suggests that the "leave no trace" philosophy, or minimizing environmental impacts, will become more important for the demobilization phase of NPPs, potentially increasing the costs and complexity of this final stage but aligning with broader societal expectations. 102 and 103 discuss decommissioning and environmental impact issues that extend to areas occupied by temporary structures.
[bookmark: _Toc199352820]4. Regulatory Framework for PBS
The establishment and operation of PBS at NPP construction sites is regulated by a set of international and national standards, norms, and regulations aimed at ensuring safety, quality, and environmental acceptability.
[bookmark: _Toc199352821]4.1. International Standards and Guidelines (IAEA, etc.)
· IAEA (International Atomic Energy Agency - IAEA):
· Although the IAEA safety standards primarily focus on permanent nuclear power plant facilities, their principles of safety culture, management systems, and site evaluation are directly relevant to PSS.
· IAEA Safety Standards Series:
· GSR Part 2 "Leadership and Management for Safety" ( implied in the 104 framework ) is applicable to the management of the construction and operation of PBS.
· GSR Part 7 "Preparedness and Response for a Nuclear or Radiological Emergency" 104 requires that emergency response capabilities be considered within the PBS.
· SSG-16 "Establishing the Safety Infrastructure for a Nuclear Power Programme" 105 is a roadmap for the development of a safety infrastructure that indirectly includes aspects of construction and site safety.
· The IAEA Siting of Nuclear Facilities Guidelines 87 address site selection and evaluation issues prior to the establishment of a nuclear safety and security facility. Non-safety factors such as transportation accessibility and access to the power grid are taken into account .
· The IAEA document NP-T-2.5 "Construction Technologies for Nuclear Power Plants" 1 is highly relevant, detailing site development, temporary structures, and utilities .
· IAEA document NG-T-1.6 "Management of Nuclear Power Plant Projects" 64 provides a framework for project management that covers PBS.
· The IAEA Safety Glossary 110 contains agreed -upon definitions. In 115 , "construction" is defined as "The process of erecting or assembling a facility, including civil works, erection of structures and equipment, and testing."
· IAEA Milestones Approach 81 guides countries in infrastructure development, including construction aspects.
· The Site and External Events Design Review Service (SEED) 87 assists Member States with siting and external threat assessment.
· World Association of Nuclear Operators (WANO): While WANO primarily focuses on operational safety, its excellence principles and peer reviews can influence construction practices and site safety culture. KEPCO is recognized by WANO as a leader in safety and reliability. 31
· International Organization for Standardization (ISO): Standards such as ISO 9001 (Quality Management) and ISO 45001 (Occupational Health and Safety Management Systems) are often applied to large construction projects, including OHS.
· FIDIC Contracts: Widely used in international construction, these contracts contain provisions regarding site preparation, temporary works, and contractor liability. 116 For example, 117 refers to "time-related site costs, which include general site needs such as site preparation and salaries of site management personnel."
[bookmark: _Toc199352822]4.2. National Regulations: Comparative Overview
While different countries have their own specific regulatory requirements for temporary construction infrastructure, the common denominator is ensuring the safety of personnel, the public, and the environment, as well as ensuring that temporary work does not compromise the integrity of permanent nuclear power plant structures.
· Russia:
· Regulatory documents: GOST (State Standard), SP (Code of Practice), NP (Norms and Rules in the Field of Use of Atomic Energy), SanPiN (Sanitary Rules and Regulations).
· NP-032-19 "Nuclear Power Plant Site. Safety Requirements." 118
· NP-041-22 "Safety Requirements for Building Structures of Nuclear Power Plants." 118
· SP 151.13330.2012 "Engineering Surveys for the Siting, Design, and Construction of Nuclear Power Plants." 88 This standard covers engineering surveys that are critical for planning the PBS.
· General building regulations (e.g. those concerning temporary buildings 5 ) and occupational health and safety regulations.
· Rosatom likely has internal standards for PBS (for example, 123 ), but these are general in nature or pertain to working documentation. 125 mentions design documentation for "temporary buildings and structures of the Akkuyu NPP."
· USA:
· Nuclear Regulatory Commission (NRC): 10 CFR Part 50 (e.g., 10 CFR 50.10 on the definition of construction 83 ), 10 CFR Part 52. Regulates the safety aspects of nuclear power plant construction. Although 83 excludes some preparatory work on a site from the definition of "construction" requiring prior NRC approval, the overall site and its safety are under NRC oversight. 127 discusses the applicability of 10 CFR Part 71 to temporary work sites.
· Occupational Safety and Health Administration (OSHA): Sets standards for construction site safety, health, and worker welfare applicable to the OHS.
· Environmental Protection Agency (EPA): Regulates environmental impacts and waste management. 96
· China:
· National Nuclear Safety Administration (NNSA): Oversees nuclear safety licensing for siting, construction, and operation. 44
· Ministry of Ecology and Environment (MEE): Participates in environmental approvals.
· Construction Law of the PRC: Regulates construction activities , permits, safety supervision, and site management.129 Article 42 mentions permission for “temporary occupation of land in excess of the approved planned area.” 129
· Central and provincial governments facilitate the allocation of land for nuclear power plant sites. 43
· France:
· Nuclear Safety Authority (ASN): Regulates nuclear safety, including construction. Article 55 details ASN inspections at the Flamanville-3 NPP construction site and assessments of general construction work.
· Environmental Code (Code de l'environnement), Labor Code (Code du travail).
· The Law of 22 June 2023 (Loi du 22 juin 2023) accelerates procedures for new nuclear installations, including aspects such as expropriation for auxiliary installations (pumping stations, electrical substations). 56
· Article L593-3 of the Environmental Code refers to equipment and installations within the perimeter of an INB. 57
· The term "Installations de chantier" (Construction site structures/Temporary construction structures) is currently in use. This term is used in 60
· Great Britain (United Kingdom):
· Office for Nuclear Regulation (ONR): Issues licences for nuclear sites and permits for construction phases. 7 Regulates general health and safety, including fire safety, on construction sites. 7 The key is Licence Condition 19 (LC19) 'Construction or installation of a new installation'. 68
· Health and Safety Executive (HSE): General rules for safety at work.
· BS 5975 'Code of practice for temporary works procedures and formwork design for allowable stresses' (British Standard BS 5975): The key standard for the management of temporary works. 82 It defines temporary works as an 'engineered solution' and describes roles such as the Temporary Works Coordinator (TWC).
· India:
· Atomic Energy Regulatory Board (AERB): Sets safety standards and enforces regulations for nuclear installations. 131 The AERB/NPP/SC/O Safety Code (Nuclear Power Plant Safety Code) defines "Construction" but focuses on operation. 131 It states that non-radiation industrial safety is regulated by the Factories Act 1948.
· South Korea:
· Nuclear Safety and Security Commission (NSSC).
· Ministry of Trade, Industry and Energy (MOTIE).
· Technical Standards for Site Selection and Site Investigation for Reactor Facilities (MEST Notice No. 2009-37). 77
· Recent legislation on high-level waste management impacts on-site interim storage. 76
Despite differences in specific national regulations for temporary works, there is a common underlying principle: ensuring the safety of the workforce, the public, and the environment, and ensuring that temporary works do not compromise the integrity of the permanent structures of the nuclear power plant. All listed regulatory bodies (NRC, ONR, ASN, AERB, NNSA) have mandates covering safety and environmental protection. Standards such as BS 5975 82 focus on the engineering integrity of temporary works. IAEA guidelines 1 emphasize safety culture and controlled site development. This convergence indicates a global understanding that temporary works, although temporary, must meet high standards due to the sensitive nature of nuclear power plant projects.
A significant trend is the increasing formalization and tightening of regulations governing even temporary aspects of NPP construction, moving away from potentially ad hoc approaches to requiring documented, engineering-based solutions and robust safety management systems for PSS. The existence of detailed standards such as BS 5975 82 for temporary works, specific IAEA guidelines on construction techniques, including temporary structures 1 , and the NRC's detailed definition of the types of "construction" activities requiring oversight 83 all point to this trend. The complexities and potential risks associated with large NPP projects require such increased regulatory attention, even to temporary structures and activities. The ONR's emphasis on "intermediate construction stages" and "latent defects" 68 confirms this.
Table 4.1: Overview of Regulatory Bodies and Key Standards for Temporary Construction Infrastructure in Selected Countries.

	Country
	Key Regulatory Body(ies) for Construction/Nuclear Safety
	Key National Standards/Codes relevant to Temporary Works/Site Setup (Snippet IDs)

	Russia
	Rostekhnadzor
	NP-032-19, NP-041-22 118 ; SP 151.13330.2012 88 ; GOSTs, SP on construction and labor safety.

	USA
	NRC (Nuclear Regulatory Commission), OSHA (Occupational Safety and Health Administration), EPA (Environmental Protection Agency)
	10 CFR Part 50 (e.g., 50.10 83 ), 10 CFR Part 71 127 ; OSHA Construction Safety Standards; EPA Waste and Environmental Regulations. 128

	China
	NNSA (National Nuclear Security Administration), MEE (Department of Ecology and the Environment)
	PRC Construction Law 129 ; NNSA Licensing Regulations 44

	France
	ASN (Authority for Nuclear Safety)
	Environmental Code 57 ; Labor Code; Act of 22 June 2023 to speed up procedures. 56

	United Kingdom
	ONR (Office for Nuclear Regulation), HSE (Health and Safety Executive)
	Nuclear Site Licence Conditions (eg, LC19 68 ); BS 5975 82 ; HSE Regulations.

	India
	AERB (Atomic Energy Regulatory Board)
	AERB Codes and Guidelines (eg, AERB/NPP/SC/O 131 , although it is more operationally focused); Factories Act 1948.

	South Korea
	NSSC (Nuclear Safety and Security Commission), MOTIE (Department of Trade, Industry and Energy)
	Technical Standards for Site Selection (MEST Notice No. 2009-37 77 ); High-Level Waste Management Act 76
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The cost of the production and construction base (PCB) is a significant expense in the overall NPP construction budget. It is influenced by many factors:
· Project Scale and Duration: Larger, longer projects require more extensive and longer-lasting PBS, which increases costs. 133
· Site Location and Remoteness: Remote sites entail higher costs for mobilizing personnel, equipment, and materials, and may require the creation of a more self-sufficient PBS (e.g., extensive worker housing camps, on-site production facilities). 133
· Site Conditions: Complex terrain, unfavorable climatic conditions, and poor geological conditions increase site preparation costs (part of the PBS). 133
· Workforce Size: More workers require more housing, amenities, offices, and transportation. 133 The Hinkley Point C NPP employed 66 tower cranes, and the site area was equivalent to 250 football fields. 66 At the Vogtle NPP, 9,000 people worked at peak construction. 47 The Akkuyu NPP employs more than 34,000 people. 26
· Regulatory and Permitting Requirements: Complying with strict safety, environmental, and labor regulations can increase costs. 6
· Technology and Construction Methods: Modular construction may require more powerful laying pads, infrastructure for heavy cranes, and on-site assembly shops, which affects the cost of the PBS. 1
· Scope of On-site Fabrication/Assembly: Higher on-site fabrication (e.g. El Dabaa NPP 23 ) means larger and better equipped workshops.
· Quality and Durability Standards for Temporary Facilities.
· Logistics and Supply Chain Complexity.
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Various methodologies are used to estimate the cost of the PBS:
· Life-Cycle Cost Analysis (LCCA): Can be applied to temporary structures to assess the total cost of ownership, including initial construction, operation, maintenance, deconstruction, and remediation. 135
· Value Engineering (VE): Can be implemented for temporary structures to achieve significant cost savings, especially on megaprojects and remote sites. 134 A case study showed a 20.84% savings in equipment costs by applying VE to temporary structures at a large power plant. 134
· Historical data from similar projects, public/private costing guidelines and databases (e.g. RS Means ) .135
· Simulation: Can be used to estimate the size of activity-dependent facilities such as material storage areas and display areas. 91
· Estimated costs for new nuclear power plant units have increased significantly over time. In the early 2000s: $1,200-$1,500/kW (direct costs); in 2007-2008: $5,500-$8,100/kW (total costs). 136 These total plant costs provide context for the share of the PBS.
[bookmark: _Toc199352826]5.3. Cost as a Percentage of Total Project Cost
Temporary structures costs can be significant, sometimes reaching 10-15% of the total plant cost on large construction projects such as nuclear power plants. 5 For large and remote projects, the cost of mobilization and temporary structures is "significantly high." 134 One estimate of the costs of site investigations and preliminary engineering (which is the basis for liquefaction planning) for a nuclear power plant ranged from 3.2% to 11.2% of total plant costs, depending on site conditions (risk of soil liquefaction) ( 137 - note: in 1977 dollars). While this is not exclusive to liquefaction, it indicates the scale of costs associated with the early stages of site development. Total capital costs for a nuclear power plant are approximately 60% of the total generation cost. 138 liquefaction planning is a component of this capital cost. The planned nuclear power plant in Kazakhstan is estimated to cost $8-12 billion in capital expenditures (construction), which is said to be 60-70% of the actual total cost when operating costs, fuel, waste, and decommissioning are taken into account. 25 This means that the CBS will be a percentage of this $8-12 billion. The estimated cost of the Akkuyu NPP is $20 billion. 25 The El Dabaa NPP is $30 billion. 25
A 10-15% cost figure for the temporary infrastructure project is a critical benchmark. For a nuclear power plant costing $10-20 billion, this translates into $1-3 billion for temporary infrastructure alone, highlighting its financial significance and the need for strict cost control. This figure justifies dedicated management attention and the use of methods such as functional cost analysis 134 to optimize the costs of the temporary infrastructure project.
The cost of a CSP includes not only the initial construction but also ongoing operation, maintenance, and subsequent dismantling and site remediation. Ignoring these life cycle costs (LCO) in initial estimates can lead to budget overruns. In LCO, LCCA is defined as including initial, operating, repair, replacement, and residual/disposal costs. LCOs ( LCOs) detail dismantling activities, including equipment removal, structure demolition, and site cleanup. These activities incur associated costs. If initial LCO budgeting focuses only on construction (CAPEX) and ignores operating (OPEX) and closure costs, the true financial impact of the CSP will be underestimated. This is especially true for long-term nuclear power plant construction projects.
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An analysis of specific NPP construction projects allows us to identify the specific features of the PBS implementation by various vendors in different countries, as well as specific challenges and solutions.
· Akkuyu NPP, Turkey (Rosatom/Atomstroyexport):
· It is being implemented using the BOO (Build-Own-Operate) model, where Rosatom builds, owns, and operates the plant; Turkey provides the site and grid connection .
· The contract for site preparation (including excavation work) was concluded between JSC ASE and the Turkish company Özdoğu. 18
· Large number of personnel on site (more than 34,000 people). 26 Construction of a residential town for 10,000 people. 26
· Removal of temporary underwater diaphragm using diamond cutters 11 , indicating complex temporary structures.
· The site operates a desalination plant for domestic needs and fire extinguishing systems. 12
· The open top method is used for installing equipment. 12
· Rooppur NPP, Bangladesh (Rosatom/Atomstroyexport):
· The general contract was signed in 2015. 19 Preparatory work for the first critical state of the reactor is underway. 13 Specific details of the PBS, other than the general progress of construction, are absent from the presented materials.
· Paks II NPP, Hungary (Rosatom/Atomstroyexport):
· Site preparation began in 2019, including more than 80 service buildings .
· Excavation work has been completed and a melt trap has been delivered. 14 A ground collapse incident has temporarily halted work, highlighting the risks associated with the site's condition. 14
· El Dabaa NPP, Egypt (Rosatom/Atomstroyexport) / El Dabaa NPP, Egypt (Rosatom/Atomstroyexport):
· The inner containment segments were manufactured at a “fabrication facility at the construction site in Egypt” 23 , indicating significant temporary manufacturing capacity on site.
· The reactor building became the tallest structure (+20.15 m) after the installation of the second tier. 23
· Hinkley Point C Nuclear Power Plant, UK (EDF/Framatome, BYLOR JV for civil works):
· Permission for preparatory work on the site was received in 2012, and the work was completed in 2016. 74
· BYLOR (a Bouygues/Laing O'Rourke joint venture) is responsible for the main civil works and extensive temporary works. 66
· The scale is enormous: the site is equivalent to 250 football fields, numerous cranes. 66
· Conquip supplied specially designed self-discharging waste management containers, various lifting cages, COSHH compliant material storage facilities and shelters. 66
· Temporary works management includes ensuring contractor procedures, competence of the temporary works coordinator (TWC), design review in accordance with BS 5975. 82
· ONR regulates construction through a permit system, including intermediate stages and temporary systems such as fire doors. 68
· Amentum designed nuclear-qualified tunnels, shafts, and offshore heads, including temporary structures such as steel linings and shotcrete (SCL). 75
· Vogtle Units 3 & 4, USA (Westinghouse AP1000, Bechtel as EPC contractor):
· The first new reactors in the US in decades. 46
· Bechtel was hired in 2017 to complete construction. 47
· The peak number of construction personnel was more than 9,000 people 47 , which implies the presence of extensive temporary living and utility spaces, although details are not provided in the materials presented. 47
· The "open mounting" method was used using VHL cranes ( 4 from the IAEA document, probably applicable to AP1000).
· Barakah NPP, UAE (KEPCO APR-1400):
· KEPCO, as the general contractor, was responsible for design, construction and operational assistance. 31
· At one stage, it was the world's largest nuclear power plant construction site, with four identical reactors being built simultaneously. 36
· The INIR Phase 3 mission noted that ENEC/Nawah needs to complete operational readiness activities. 35
· Flamanville 3 NPP, France (EDF/Framatome EPR) / Flamanville 3, France (EDF/Framatome EPR):
· The project has experienced significant delays and cost increases, partly due to coordination issues and design changes after construction began. 52
· General construction work was carried out by Bouygues Construction. 54
· IRSN (ASN's technical support) carried out a project assessment and site inspection, noting initial deficiencies in contractor organisation and EDF oversight, which were later rectified. 55
· China (Various projects, CNNC/CGN):
· CNNC's complete production chain includes "staff accommodation and on-site living facilities." 41
· Using the "open-mount" method to install reactor vessels (e.g. Zhangzhou-2 39 ).
· Excavation work for the Bailong Nuclear Power Plant pit (depth 12.2 m, area approximately 3,000 sq. m). 37
· Central and provincial authorities facilitate land allocation and grid connection. 43
· India (Various projects, NPCIL):
· NPCIL is responsible for design, construction, commissioning and operation. 69
· Units 3 and 4 of the Kakrapar NPP (indigenously developed PHWR) have entered commercial operation. 69
· The "open mounting" method was used at Tarapur NPP units 3 and 4. 4
The approach to the PBS varies significantly depending on the main contractor's experience, the project delivery model (EPC, BOO), local industrial capacity, and specific site conditions. For example, Rosatom's projects in newcomer countries (Egypt, Bangladesh) are likely to involve a more comprehensive, stand-alone PBS built by the supplier, including on-site fabrication (El Dabaa NPP 23 ), compared to projects in countries with a developed industrial base, where greater local subcontracting of PBS elements is possible. A comparison of Akkuyu NPP (BOO model 17 ) or El Dabaa NPP (on-site fabrication 23 ) with Hinkley Point C NPP (several large contractors, such as BYLOR, specializing in civil/temporary works 66 ) illustrates this. The BOO model implies greater responsibility for the turnkey supplier, which likely extends to a more integrated PBS. In contrast, the Hinkley Point C project involves a complex network of contractors, each managing portions of the temporary works under the overall coordination of NNB GenCo and regulation by ONR. 7
The "learning curve" and "first-of-kind" (FOAK) challenges for new reactor designs or projects in new regions often manifest themselves in problems associated with the FOC, such as logistical delays, underestimation of site preparation needs, or coordination issues between multiple contractors involved in temporary work. Flamanville-3 NPP 52 is a prime example. 52 and 58 detail delays and cost overruns at Flamanville-3, citing reasons for starting construction before the design was complete and poor coordination. 55 and 55 cite deficiencies in contractor organization and EDF's oversight of activities during the initial phase. These are systemic problems that would significantly impact the effective establishment and operation of the FOC. FOAK projects are inherently riskier, and this risk extends to supporting temporary infrastructure, which may have to adapt to changing designs of permanent facilities or unforeseen site issues.
Table 6.1: Comparative Overview of PBS Approaches in Selected NPP Projects.

	NPP Project (Country, Vendor/Main Contractor)
	Key PBS Characteristics/Innovations Noted
	Primary Responsibility for PBS
	Key Challenges/Successes related to PBS (Snippet IDs)

	Akkuyu (Turkey, Rosatom/ASE)
	BOO model, residential cluster for 10,000 people, desalination plant, underwater temporary structures.
	Rosatom (with Turkey providing the site)
	( 34,000+), complex dismantling of underwater structures.

	El Dabaa (Egypt, Rosatom/ASE) (El Dabaa, Egypt, Rosatom/ASE)
	On-site production facility for large components (ICS segments).
	Rosatom/ASE
	Successful on-site fabrication and installation of large components, ahead of schedule. 23

	Hinkley Point C (UK, EDF/Framatome, BYLOR)
	Extensive temporary works managed by BYLOR, application of BS 5975, specialized equipment (Conquip).
	NNB GenCo (EDF) - overall; BYLOR - main civil and temporary works.
	Managing a complex site (250 football fields), multiple contractors, strict ONR oversight. 66

	Vogtle 3&4 (USA, Westinghouse, Bechtel) (Vogtle 3&4, USA, Westinghouse, Bechtel)
	First new US units in decades, peak workforce 9,000+.
	Bechtel (EPC contractor)
	Completion of a long-term project, managing a large workforce. 47

	Barakah (UAE, KEPCO)
	The world's largest NPP construction site at one point (4 units simultaneously).
	KEPCO (prime contractor)
	Successful completion of 4 units in a newcomer country. 31

	Flamanville 3 (France, EDF/Framatome) (Flamanville 3, France, EDF/Framatome)
	Prolonged construction, issues with coordination and project changes.
	EDF (owner/architect-engineer), Framatome, Bouygues.
	Project management and contractor control issues in early stages. 52

	Projects in China (CNNC/CGN)
	Complete industrial chain, including site accommodation and amenities.
	CNNC/CGN
	Rapid construction pace, authorities' assistance in site development .


[bookmark: _Toc199352828]7. Conclusion and Recommendations
[bookmark: _Toc199352829]7.1 Summary of Key Findings
An analysis of international nuclear power plant construction practices convincingly demonstrates that the production and construction base (PCB) is an integral and strategically important element of any NPP project. Its creation and effective operation directly impact the timing, cost, quality, and safety of construction and installation work.
The main findings of this report can be summarized as follows:
· Critical role and significant cost: The PBS is a complex engineering system, the cost of which can reach 10-15% of the total NPP project cost, which emphasizes the need for careful planning and management.
· Impact of modern technologies: The transition to modular construction and other advanced technologies significantly complicates and expands the requirements for PBS, transforming its parts into full-fledged production and assembly areas.
· Diversity of approaches: Leading global vendors and countries actively constructing nuclear power plants demonstrate different approaches to organizing nuclear power plant (NPP) projects, depending on the contract model, local industrial potential, and site specifics.
· Importance of Regulation: There is an extensive international and national regulatory framework governing various aspects of the establishment and operation of PBS, with an emphasis on safety, health and the environment.
· Life cycle of a PBS: A PBS goes through a full life cycle, from planning to dismantling and reclamation, each stage of which requires professional management.
[bookmark: _Toc199352830]7.2. Best Practices and Strategic Considerations for PBS Planning and Execution
To ensure maximum efficiency and minimize risks when creating and operating a PBS, it is recommended to adhere to the following principles and strategic considerations:
· Early and Integrated Planning: Planning for the NPP should begin at the earliest stages of the project and be fully integrated with the main NPP design and construction schedule. 1 The use of 3D modeling for comprehensive site layout and clash checking is a best practice. 1
· Clear Allocation of Responsibilities: Contract documentation must clearly define the roles and responsibilities of all project participants (client, EPC contractor, subcontractors) in relation to all aspects of the PBS. 116
· Lifecycle Cost Management: Applying life cycle cost analysis (LCCA) to PBS to optimize overall costs, including demolition and remediation. 135 Implementing value engineering (VE) to identify savings opportunities. 134
· Adaptability and Flexibility: Designing the PBS so that it can adapt to changing project needs and unforeseen circumstances.
· Skilled Workforce and Management: Appointment of competent and experienced personnel to manage the design, construction and operation of the PBS.
· Robust Safety and Quality Management: Implementation of rigorous safety and quality assurance programmes for all temporary work in accordance with applicable national and international standards (e.g. BS 5975 82 ; IAEA principles).
· Effective Logistics and Supply Chain Management: Critical to ensuring that the PBS receives materials and resources in a timely manner.
· Stakeholder Engagement: Taking into account the impact of the CBE activities on local communities and the environment.
· Knowledge Transfer and Learning: For vendors and customers involved in multiple projects, it is important to systematically collect and transfer lessons learned in creating and operating the PBS for use in future projects. 3
The "temporary" nature of the PBS should not lead to compromises in planning rigor or safety standards. Given its direct impact on the construction of permanent NPP facilities, the PBS requires an "industrialized" and highly organized approach, similar to the management of a permanent auxiliary facility. The scale of the PBS , its cost , the complexity of its components , and the stringent safety requirements at the NPP site all argue against treating the PBS as mere "temporary shelters." The IAEA's emphasis on construction management and standards such as BS 5975 emphasize the need for well-engineered, controlled , and professionally managed temporary work. The concept of assembling modules on site literally transforms parts of the PBS into extensions of the plant.
Evolving digital technologies (3D/4D/5D BIM, digital twins, AI for logistics, and drones for site monitoring) offer significant opportunities for optimizing the planning, execution, and cost/schedule control of temporary infrastructure projects. While these technologies are not specifically detailed for temporary infrastructure projects in the presented materials, 3 mentions digital tools for general optimization of NPP design, and 1 mentions 3D modeling for site development. Extrapolating from these trends, it can be argued that advanced digital tools have the potential to revolutionize temporary infrastructure project management by improving layout visualization, clash detection, progress tracking, resource allocation, and safety monitoring of the temporary infrastructure itself. This is a promising direction, based on existing trends in the construction industry.
[bookmark: _Toc199352831]8. Appendix: Bilingual Glossary of Key Terms
This appendix provides a glossary of key terms used in the report, with their definitions in Russian and English. The terminology is based on analyzed sources and definitions provided in the text of the report.

Table 8.1: Comprehensive Bilingual Glossary.

	English Term
	Russian Term
	English Definition
	Russian Definition

	Nuclear Power Plant (NPP)
	Nuclear Power Plant (NPP)
	A thermal power station in which the heat source is a nuclear reactor, used to generate electricity. 151
	A nuclear installation for the production of energy under specified operating conditions and conditions, located within a designated project area, in which a nuclear reactor (reactors) and a complex of necessary systems, devices, equipment, and structures with the necessary workers (personnel) are used to achieve this goal. 152

	Temporary Construction Infrastructure / Construction Support Base / Site Establishment and Support Infrastructure / Temporary Site Facilities (TSF)
	Production and construction base (PCB) / Temporary construction infrastructure / Temporary buildings and structures (TBS)
	All temporary buildings, structures, utilities, systems, and areas established at or near the NPP construction site to support and enable the construction, assembly, installation, and commissioning activities of the permanent plant. (Derived from report text 1 )
	The totality of all temporary buildings, structures, utility networks, systems and platforms created at or near the NPP construction site to support the construction, assembly, installation and commissioning of permanent plant facilities. (From the text of Report 1 )

	Site (Construction Site)
	Site (Construction site)
	The area defined by the regulatory body for a facility or activity, encompassing the land and its features, as well as the structures and installations on it. 115 / The geographical area where construction work is performed. 149
	The area allocated for the location of a facility or activity, encompassing the land plot and its characteristics, as well as the buildings and installations located on it. 115 / The geographic area where construction work is carried out. 149

	Temporary Buildings
	Temporary buildings
	Structures erected for a limited duration to support construction activities, such as offices, workshops, and accommodation. 5
	Buildings erected for a limited period to support construction activities, such as offices, workshops and residential premises. 5

	Temporary Structures
	Temporary structures
	Engineered solutions used to support or protect an existing structure or permanent works during construction, support plant or equipment, or provide access. (Derived from BS 5975 in 82 )
	Engineering solutions used to support or protect an existing structure or permanent structures during construction, to support machinery or equipment, or to provide access. (Based on BS 5975 in 82 )

	Site Mobilization
	Mobilization on site
	The process of organizing and transporting personnel, equipment, and materials to the construction site, and setting up temporary facilities. 89
	The process of organizing and transporting personnel, equipment, and materials to a construction site, as well as setting up temporary facilities. 89

	Site Demobilization
	Demobilization of the site
	The process of winding down and including a construction project, including removal of equipment, dismantling of temporary facilities, and site cleanup. 89
	The process of winding down and completing a construction project, including removing equipment, dismantling temporary structures, and clearing the site. 89

	Laydown Area
	Display area / Storage area
	An open area on a construction site used for the temporary storage of materials, components, and equipment before they are installed or assembled. 1
	An open area at a construction site used for temporary storage of materials, components, and equipment prior to their installation or assembly. 1

	Workshop (eg, rebar, mechanical)
	Workshop (e.g. reinforcement, mechanical)
	A building or area where manufacturing, assembly, or repair work is carried out. 1
	A building or area where manufacturing, assembly, or repair work is carried out. 1

	Concrete Batching Plant
	Concrete plant / Concrete mixing plant (CMP) / Concrete-mortar plant (CMP)
	A facility that combines various ingredients to form concrete. Some of these inputs include sand, water, aggregate (rocks, gravel, etc.), fly ash, potash, and cement. 1
	A plant where various components are mixed to produce concrete. Some of these components include sand, water, aggregate (crushed rock, gravel, etc.), fly ash, potash, and cement. 1

	Worker Accommodation/Construction Camp
	Household town / Shift camp
	Temporary housing and living facilities provided for construction workers, especially at remote sites. 1
	Temporary living and utility spaces provided to construction workers, especially at remote sites. 1

	Temporary Utilities (Power, Water, Sewage)
	Temporary utility networks (electricity, water supply, sewerage)
	Systems providing essential services like electricity, water, and wastewater management to the construction site on a temporary basis. 1
	Systems that provide a construction site with basic services such as electricity, water and wastewater on a temporary basis. 1

	Site Roads
	Intra-site roads
	Temporary or semi-permanent roads constructed within the site to facilitate movement of vehicles, equipment, and personnel. 1
	Temporary or semi-permanent roads constructed on a site to facilitate the movement of vehicles, equipment and personnel. 1

	Regulatory Body
	Regulatory body
	A government agency responsible for setting and enforcing standards and regulations within a specific industry, such as nuclear safety. (General definition)
	A government agency responsible for setting and enforcing standards and regulations in a particular field, such as nuclear safety. (General definition)

	International Atomic Energy Agency (IAEA)
	International Atomic Energy Agency (IAEA)
	An international organization that seeks to promote the peaceful use of nuclear energy, and to inhibit its use for any military purpose, including nuclear weapons. 6
	An international organization whose purpose is to promote the peaceful use of atomic energy and prevent its use for any military purposes, including nuclear weapons. 6

	Engineering, Procurement, and Construction (EPC) Contractor
	EPC (Engineering, Procurement and Construction) contractor
	A contractor that provides a complete range of services from design and procurement to construction and commissioning of a project. (General definition, relevant to 33 )
	A contractor providing a full range of services from design and procurement to construction and commissioning of a facility. (General definition, relevant to 33 )

	Build-Own-Operate (BOO)
	Build-Own-Operate (BOO)
	A project delivery model where a private entity receives a concession from the public sector (or a private client) to finance, design, construct, own, and operate a facility. 17
	A project delivery model in which a private entity receives a concession from the public sector (or a private client) to finance, design, build, own, and operate a project. 17

	Modular Construction
	Modular construction
	A construction process where components (modules) are manufactured in a controlled off-site environment and then transported and assembled on-site. 1
	A construction process in which components (modules) are manufactured in controlled conditions off-site and then transported and assembled on-site. 1

	Very Heavy Lift (VHL) Crane
	Extra heavy-duty crane
	A crane with a very high lifting capacity used for installing large and heavy components, such as reactor vessels or large modules. 1
	A very high capacity crane used for the installation of large and heavy components such as reactor vessels or large modules. 1

	Site Preparation Works
	Site preparation work
	Activities undertaken to make a site ready for construction, such as clearing, grading, excavation, and installation of initial infrastructure. 1
	Activities carried out to prepare a site for construction, such as clearing, grading, excavation, and creation of initial infrastructure. 1

	Cost Estimation
	Cost assessment
	The process of forecasting the financial and other resources needed to complete a project or work within a defined scope. 135
	The process of forecasting the financial and other resources needed to complete a project or work within a specified scope. 135

	Life Cycle Cost Analysis (LCCA)
	Life Cycle Cost Analysis (LCC)
	A method for assessing the total cost of facility ownership, taking into account all costs of acquiring, owning, and disposing of a building or building system. 135
	A method of estimating the total cost of ownership of a property that takes into account all costs of acquiring, owning, and disposing of a building or building system. 135

	Value Engineering (VE)
	Functional cost analysis (FCA)
	A systematic method to improve the "value" of goods or products and services by using an examination of function. Value, as defined, is the ratio of function to cost. 134
	A systematic method for increasing the "value" of goods or services by studying their functions. Value, by definition, is the ratio of function to cost. 134

	Construction Permit
	Building permit
	An official approval issued by a governmental agency that allows a person or group to proceed with a construction or demolition project. 6
	An official permit issued by a government agency that allows a person or group of people to proceed with a construction or demolition project. 6

	Environmental Impact Assessment (EIA)
	Environmental Impact Assessment (EIA)
	A process of evaluating the likely environmental impacts of a proposed project or development, taking into account inter-related socio-economic, cultural and human-health impacts, both beneficial and adverse. 6
	The process of assessing the likely environmental impacts of a proposed project or development, taking into account interrelated socio-economic, cultural and health consequences, both beneficial and adverse. 6

	Safety Culture
	Safety culture
	The assembly of characteristics and attitudes in organizations and individuals which establishes that, as an overriding priority, protection and safety issues receive the attention warranted by their significance. (IAEA Definition)
	A set of characteristics and attitudes within organizations and individuals that ensures that safety and security issues, as having the highest priority, receive attention commensurate with their significance. (IAEA definition)

	Quality Assurance (QA)
	Quality Assurance (QA)
	Part of quality management focused on providing confidence that quality requirements will be fulfilled. (ISO 9000)
	A part of quality management aimed at creating confidence that quality requirements will be met. (ISO 9000)

	Decommissioning (of temporary facilities)
	Decommissioning (of temporary structures)
	The process of safely removing temporary facilities from service after their intended use, including dismantling, waste management, and site remediation. (Adapted from 99 )
	The process of safely decommissioning temporary structures after their intended life, including dismantling, waste management, and site remediation. (Adapted from 99 )

	Site Remediation
	Site reclamation/territory rehabilitation
	The process of cleaning up a contaminated site to protect human health and the environment. 96
	The process of cleaning up a contaminated area to protect human health and the environment. 96
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